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DECOMPOSITION OF ASCARIDOLE AND DIHYDROASCARIDOLE

Robert Zand2 and Robert 3. Mesrobien

Th2 kinetics of the decomposition of dihydroascaridole in
chlorcbenzene, tetralin, and methacrylonitrile at 115° and
ascaridole in methacrylonitrile heve been studied., In the
latter solvent deteiled studirs have been mede of polymeriza-
tion rate and molecular weight of polymer produced by the
thermal decomposition of the twn paroxides as well as by 4i-
tert-butyl peroxide, It 18 concluded that the two cyeclic
prroxides initiate polymerization via monoradicals, snd in
the case of dihydroascaridole, th- efficiency of initi=tion
is calculated t-. 117 within 55-100%, A nechanism for the
decrmpositinon of dihydroascaridol~ is proasent=d which speci-
fles dismutation nf the primary, diradical t~ a non-cyclic
dik=atons and sn oxcitrd ethyl-n~ mol~cule. The latter 1is
prezum=d to initiete moncradicel chajns in & mann~r anslogous
te the thermel initintion of vinyl polymerizaticn,

The d=~crmpcesition »f ascaridele, I, (1,4-epidioxy-2-p-
manth~ne)and dihyAroaacaridol~, II, (1,4-~pidioxy-p-menthan-)
by the action of heat?, 11ght®, and motallic 1ons?®:5 has
basn studied by several workers, The recent work of Russell
and Tobclskyu has demonstrated that the primary radicals
produced by the phctolysis nf ascaridol~ in methyl mathacryl-

ate at 60° rapidly react in som2 uncertain mann~r to produce

1. This study was initiated under Contract N1235-61517 with
the U,S.Naval Ordnance Tegt Stetlan and complet~d undepr
Contrect N6cnr-26309 with the Office of Naval Research.

2. Teken in part from the thesis of R, Zand submitted to the

Chemistry Department of the Polytechnic Institute of Broocklyn,
in prrtial fulfillment of the requirements for th= M,S.degroe,

3. (a)E.K.Nelson, This Journal, 33, 1404 (1911); (b) O.Wallach,

Ann, 392, 52 (1912); (c) F, Richter and W. Presting, Ber.
64, 878 {1931); (4) H.Thoms and W, Dobke, jirch, Pharm,
268, 128 (1930); (e) C.G.Moore, J.Cham.Soc.,234(1951)

4, K.®B,Russ~ll and A.V,Taobolsky,This Journsl 26, 365 (1954),
5. H. Paget, J. Chem. Scc., 829 (1938),



moncradical initiation of polym=arization. The present
invagtigations support the experimental observations of these
workers and enable A somewhat meor~ detailed aonsidearation of
the decrmposition resction in the case »f dihydroascaridole,

crnsistent with the prcduct snalysis reported by MooreBe

H H
CHy | CHy CHy | CHy
/‘.’i | f
; | o |

ud
'H3 tﬁ3
I I1
EXPRRIMENTAL

Reagents. Methacrylenitrila (Shell Development Cc.) was
vacuum disti1lled from inhibitor under nitrogen: b.p. 37.5°
(100 1tm.), ngo 1.4007.

Dimethylformamide (Mathason, Ccleman and Bell, Inc.) an?d
chlorobenzene (Rastman Kodsk Co., b.p. 130-132°.) were used
as rocelved,

Tatralin (Fisher Scisntific, purifisAd grade) was washed
with crncentratod sulfuric =2cid until the washings were
cnlorless Aand thaen waghef? repemtedly with "Aigtilled water ana
stored avesr anhydrnusg magnegium sulfeat~, Prior t~ us= 1t was

A1st1ll~3 uni=r purified nitrng=n an? the fractirn A1stilling



at 46° (1 mm,) collected. The p rifi-d product gave no
regprense to icdlcmetric peroxid tests,

Ascari”~1l- (Burroughs, Wellcom~ Co,) was used as
cbtainad or was pro~parod by distillation of chenoprdium cil
(imernd Drug and Ch=mical Cc,)., 4scaridole obtained by Ais-
tillaticn frem chennpodium oil had a b.p. 65-70° at less than
1 mm., nao 1.4709, An infrared abscrption spectrum of the
product A1d nnt Aiffer significantly from that reported by
Szmant 2nd Halperné.

Dihydrcascearidcle was pr=para2d fram purified ascaridole
occording to the methcd ~f Paget, After repeated rocrystal-
l1zation, the procduct exhibited a m,p. 19-19.5°, Tests on
aliquots with bromine anéd potnssium permanganate indicated no
unsaturation in the compound,

Analytica17: calculrted for CyoHpg02: C,70.59; H,10.59

Found: C,70.69, 70,55 Av., 70.62; H, 10.44, 10.37 Av. 1C.41

Di-tert-butyl peroxide 97-98% pur~, (Sh~ll Development
Cr,) was used asg abtained,

The reagents employed for 1cdometric aniklysis were of

th= highast pvailable purity Aand were used asg ohtalned,

6. H. H., Szmant ~nd A. Halpern, This Journal 271, 1133 (1949),

7. 4Analyses performed by Schwarzkepf Laboratory




Polymerization «f Methacrylcenitrile. The following procedure

was <nmploy~? in ~2ll polymerization runs of methacrylconitrile
using ascaridrle, dithydrcascaridole, or di-t-butyl pernxide
28 initiator, Int. cleesn Pyrrx ampules wore placa? welghed
quantities of peroxide initiator and 10 ml., ¢f freshly Ais-
t1lle? monomer, followsd by the additinsn of 5 ml. of dimethyl
fermamide. Th= latter solvent wns reguir~t t~ pravent the
precipitaticn of polymer during the cours> «f reaction. The
Pyr~ax nmpulrs wera degassed, subjecte? to repeated thawing
and freezing oporetiomsg, and sanl~d in vecue ~f 12ss then
10‘umm. The rmpules wrere immadleptely plac~3 in ~n oil bath
maintnained at 115 : 0.5°. Polvymerization tim~s f~r ~ach
syst~m were laetepmined hHy trisl exporimont,

On romoval from the polyvmerizetisn bath th= ampules
were opsned and fthe contents Allut~? twn-fnld with aceton=,
The polymer soluticns were then addisa3 Apopwise t~ 2 10-f0lA
excess of methannl with cnstant stirring. Polymer was
precipitat~d in the form of finely 4Aivid=4 pnarticlss =~r? w-s
collaectad on fritted glags fllt-rs, .ifter sever<l washings
with methancl, the samples were dried in vscuc at 40° end
waighaad,

4liguats of the polym r samples were dissolved in

acetone and limiting viscosity numbers determinead from vis-

Q

nz3ilty meagur~ments nt fur concsntrotinrs using rn Ubb-lohde

A1lution visecmeter having a flow tim~ ~f 124 seconds for



aceton= at 20°, 4t this flow time, kinetlc energy corrections
are not required, Molecular welght-viscosity data for unfrac-~
tionated polvmethacrylonitrile terminated by disproportiona-
tion (transfer) have %Yeen reporteda. These data were employed
to calculate, by the methot of Baysal and Tobolskyg, ~quation
(1) relating 11miting viscosity number [ with number average
d~gree of polym=rization for polymer chains initiated by =a
monoradical source and terminated by r~combination.

Pp = 3.81 x 1070+ (1)

Peroxide Determinations. The decomposition of dihydroascari-
dol= in chlorobenzene, t~tralin, and methacrylonitrile-dim=athyl-
formamid= solvents at 115° was followrd by lodometric analysis.
Sinc~ normal 1cdom=tric methods AiA nct vie~ld reproducible
results, the hyAriodlc sacid method of Vaurhan ~% nllo. wAS
smploy~d, In th= runs involving methacrvlonitrile, polymer
form~? Auring reaction obscured th- ondpoine of th» thiosul-
fate titration, and for this reason, the polym r was separated
frcm the sclution befor~ perfernins the iodometric analysis.
Tris was achi~v~d by introducine & knowr gquantity of the
solution dropwise into » m2asure~d oxc=2ss of glacirl acetic
anis £1lt ping awsy th» precipitat~, -n? titrating an aliquot

Sf Bl Liltrats,

8. N, Fubhraan and R, B. Masroblan, This Jcurnal, in press.

9. B. Baysal and A, V. Tobelsky, J. Polymer Sei., 9, 171(1152),

(=]
.
5

. H. Dickey, J, H. Reley, F. F. Rust, R. 3. Tresede and
W. B.,Vaughan, Ind, ng.Che~m., 41, 15673 (1949),



BESULTS AND DISCUSSION

Rate and molecular welght measurements have been made
on the polymerlzation of methacrylonitrlie at 115° initiated
thermally, and by ascaridole, dihydrosscaridole, and di-t-
butyl peroxide. The data are summarized in Table I. It 1is
evident from the values in column 4 that in the concentration
range of initiator employed, the thermal polymerizatlon rate
is negligibla compared to the peroxlde initlated rates, The
following equation has been derived by Tobolsky and co-

11-12

workers rolating polvmerization rate, Rp, and reciprocal

numbsr average degreo of polymerization, 1/P..

[s] , Ay

(] b°

1/Py, = Ctr,m + Ctr,catBf + Ctr,s
3
K™ (M]

Where Ctr,m» Ctr,catv and Ctr,s ar~ transfer constants
for the transfer reaction of growing radicais with monomer
[M], catalyst fcat], and solvent [S], respeetively. Th-
constant A' 1s related to th~ specific rate constants for
propagation kp and terminaticn by combination ki, and dis-

proportionation, kg4, by the expression:

A' = (2kyq + ktc)/ki (3)

11, D.H.Johnson and A,V.Tobolsky, This Journal 24,938(1952),.

12, 'B.Baysal and A.V.Tobolsky, J.Polym~r Sci,, 8,529(1952).
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Th~ overall rate constint K arises in the rate expression
L/z
ky = K ] [cat] ()

Valusg of l/fn are plott~d n~eainst Rp In Pilgure 1, nas
t~kon from dats given in Table I,

It 1s evidr:nt that all experimentsl points 112 on a
common straisht lin~, Th> lin~arity of th~ plot indicnrtes
th~t no sismificant transfor reoactlons occur botween growing
polymer radicals nnd th~ peroxld= initiators, 1.4. the second
term on th~ right in equrtior (2) is zero. Th~ magnitude of
th~ intercept on th~ ordinnte axis in Flgure 1 1s 0.5 x lo-u,
signifying thet th~ sum of the transfer consteants of the
methacryvlonitrile redicnl with 1ts mconom=r ~nd with dim~thyl-
formemids solvent 1s on this ordor of mamitude, Sinc~ the
polym-rizetion A~+~ chtrined with nascrridols »nd dlhydro-
nacqridols 1i» on the sam~ linenr plot ns thos~ obtrin=d with
d1-t-butyl peroxide, ~ known moncrndical initiater, 1t is
~vid=nt th~t the form~er two peroxid=s =lso initiat~ vi-
monorndicals.

The rat~ of initintion of polymer chnins, Ry, in m<th-
acrylonitrile rt 115° by vsarioug initiatcrs cnn ha obtain-d

from th~ rﬂlatlonlz {assuming no disproportionation)

2A" 2
R, ™= R (5)
T T

whare A', as d=fined in ~quation {(2), 1s colculated frem the

glope of the liu~ in fMgure 1 to be 6,76 ,Q~S'c.~m“l.

- 8 -
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The rate nf initistion mny alsc b~ d-fin.-d by the relaticn:
Ry = 2fkg [Cnt] (6)

whrre kdI?aﬁj is the rate of spontan~ous, unimclc-cular
decomposition of the catalyst and f, the catalyst e{ficicney,
1s the fraction of primaory radicals which are offective 1n
starting chains. The rotes of deccmposition of dihydro-
ascaridols in tetralin, chlorcbenzene, and mothacrylonitrile-
Aimethyl formamide at 115° heve b~=n follow~d by icdometric
titrations. Tarble II lists th~ unimolrcular rat~ constents,

k3, for the decrompositions in ~ach of th~o snlvents,

TABLR IT.
NECOMPOSITION Of NIHYNROASCARIDOLS AT 115° IN'VARIOUS SOLVENTS
» A 1 00cnna =1 Initial Peroxige
Salvent kq x10 secs, S B 103
T=tralin 0.9C 23.9
Chlaorabanzene 0.72 25.2
Methacrylonitrile-
dimethylformamide (10:5
volume ratio) 0.92 24,9

a. The rates constant in esch solvent was evaluated from four
op more experimentsl valu~s in the range »f L-19% decom-
pcsitien.

On cumbining ~quaticns (5) and (6) the catalyst offici-

ciency may b expressed by the relation:

2A! 2
= " Rp/2kg [Catl (7)



In the crneentrati-n range 4.7 ¢t~ 146.2 x 10-3m/1 Af dihydro-
nscaridcls (data ~f Tabls I) the average valu- for [ calculated
from ~qurticen (7) 1s 1.1 assuming n» disproporticn=stinn, If
termination of growing cheins occurs axclusively by disprepor-
tion~tisn, £ will hove the value 0,55. In 2ithsr ~vent 1t is
2pp~ront thet the majrerity ~f the rndicals dA=rived by the
Ascnmpngition of Alhydrnase~ridnle iniltlate polymer chzins in
the form ~f mnarsdlcals. Aditinmelly, the cobservation that
kg {Table II) @nes not vary apprecinbly for de=compositinsns run
in three widely Aiffersant sclwents, 1s suggestive that
recombination of primary diredicals to raform dlhydrcascari-
dol» accHrrding to the cage principle plays » mincr rale in
this “~2compositi-n.,

4 convenient mechanism $9 describe th- transt..rmation of
the primary diracical (III) intc a m.ncradical pair, is thet
Aanntes by (4) in =2queticn (8).

£Hs o3

I1 CH
MOkd ‘Q o  Homdafce

CHj (8)

CH3

CHa,
\\f¢0 &He (aHg = -1C2Kcals/mole)
CH
CH3
IV

- 10 -~



0r. the rther hand Moora -~ hes identified the diketene IV to

be on~ ~of the majer profucts cbtained when pure Athydro-
ascaridcole 1s thermally decompased at 240°, Other decompesi-
ticn products werns an unidentifisd gas and a viscous, polymerilce
rnsiﬁuﬁla. The mechanism proposad by Mocre to describe the
frrmetion ~f the diketons 1s A=notsd by (B) in ~quation (8).
This mechanism specifics that the primary diradicals dismute
- nan-radical structures which, in principle, should not
initiate vinyl polymerization, An apprceximste calculaticn of
th~ h>n~t crangrs involved in the processes (8a) and (8B)
in“1coat=s that whereas (8i) is exathermic by 19.2 Kcals.,

(8B) 1s c¢-nsid~rnbly nor~ »xcthormic (AR Z102 Kcals.)lu.
Althcugh 1t cann~t b» essume? In th» shs-ner nf experimental
Anta npr detnriled tharreticnl cmlculaticns that a reactlicn will
frllcw tho enargeticeslly mor~ faversble path, sinc= it is
kn-wn thrt (8B) predcominates ot 240° it is probebly the pre-
ferrad path at 115° as w=2ll. Th» ~thylen= mcl=2cule, appearing

in mechanism (8B) will undoubiedly contnin en~rgy in excess

13. Th= ncle p<rcent »f Alketon-, expreasse’ ag molas of
praduct per mcle «f Aeccy mpas=ad dihyAdrnascaridcle times
100, s calculated t-. be 43 and 105 f~r th~ gasaous
proiuct, assuning it to be ethylon-,

14, The hoats of reacticn are calculnted from bond energy
valurs given by M,J.5.Dewar, The Electrcnic Theory of
Orgeonic Chemigtry, Oxfrrd Univ. Press, London, p.32,1949,
Regenancs energies for the alkoxy and propyl radicals
were taken to he zere, The Aifforence in fre= energy
b=tween the tw: processes (8a) and (8B) is probably even
greater then th» 21fference in AH since the ring cleavage
in (8B) imparts = significant entropy increase, )

= TL -



of the ground state of 2thylsn-. The degree and agature of
excltaticn =re unknown but cn» might re~asonably assume the
mhlacul~ to be axclited in its vibraticnal degrees ot freedom.
It is realized qualitntively thet the required activation
“n-rgy for o process can b lowere? when one of the cclliding
partn~rs is ~xcited in vibrational ﬂnnrgyl5, and aceordingly
rn=> night plctur~ the roacticn rf o "hot" ~thylene molecule
an? m~thnerylonitrile t~ involvs the transfer of a hydr~gen
~tom from cne m~namer to the ~ther t~ produce two meno-
raticnale, From Aetniled gtuldies nof th~ theormal pnlymerization
A€ styrene, hevever, Mayel® has observea that the tnitisticn

process  aris~sg from a third-crdar reactinn with moncmer.
t- prciuce mencradiceis. Presumebly tws monomsrs interact
te form an nctivate? ¢mplex which on furthear collisicn with
roncmer produces twoy monraiicals. The annlegius process
involving on 2xcited =2thyvlen molaculs cmn b reprosented by
aquation (9).

ot =cH] vac,=c] = HBC‘C{C% *H3C‘CH“CH‘C<ZSB (9)

~eN oN

It wruls be of intrrest to study the peclymerizotisrn reaction

15. S. Glasstone, K.J.Laidler #=nd H.Eyring, The Theqoryv Of
Rate Progesses, McGraw-H1ill Book Co,Inc.,pp.289-295,1941,

16, F. R. Maya, This Journol 75, 6133 (1953).

- 12 -



initiated hy dilhydroasceridole aver n wide monnm~r cnncentra-
tion renge., At l1ow nencemer crncantrations ane might ~xpect
thc polymerigation rnte tn Adecresse mrrkedly due tn Pnergy
leogs rf th> excited athylene molecule by repeats” cclllsions

with inert solvent melecules.



	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019

